The returns from France showed that the average number of deaths had declined from 5,000 in the years 1906, 1907, and 1908 to 3,000 in 1916. In Norway the average number of deaths in 1891-5 was 715 and in 1916-20 only 338. In Sweden (1890-4) the number of typhoid cases, which averaged 4,048, was reduced to 1,266 in 1921.
Ireland in the past century suffered severely from typhus fever and relapsing fever, and in many parts enteric fever claimed a large number of victims. Information as to the number of cases of "fever" (other than scarlet fever) is available from the reports to the Irish Local Government Board of the Medical Officers of dispensary districts. For example, in 1865, 1878, and 1909, the numbers reported were respectively 26,566, 10,945, and 1,170, and the corresponding populations were estimated to be 5,594,000, 5,282,000, and 4,386,000.
A record of the number of cases of enteric fever occurring annually in Ireland is far from complete, as there was great delay in adopting the Infectious Diseases Notification (1889) Act, and in some areas it is still unadopted. However, registration of deaths due to enteric fever has been carried out very efficiently, and from figures obtained from the reports of the various Registrars-General I have been able to construct the curves plotted out in Diagram No. 2, which show the mortality rate per 10,000 in England and Wales, Scotland Belfast . the curves we see that England and Scotland had until 1888 a much higher deathrate from enteric fever than had Ireland. In 1875 the rates per 10,000 of the population were for Scotland, England and Ireland, 4'6, 3 7, and 1P6 respectively. From 1875 to 1886 there was a decline in the rate in Great Britain, but practically no change in Ireland during this period. In 1886 the rates for Scotland, England, and Ireland were 1P9, 1P8, and 1P6. The rates in Great Britain remained more or less stationary until 1899, when a decline occurred in all three countries, being preceded in 1897 and 1898 by a very steep ascent in Ireland mainly due to severe epidemics in Belfast. From 1900 there has been a fairly steady decline, but more pronounced in Great Britain than in Ireland. In 1924, 0'10, 0'13, and 0'31 were the rates for Scotland, England, and Ireland.
With this preliminary setting of the problem, and before dealing with enteric fever as it has affected Northern Ireland, I may point out that in Ireland, relatively to England, there is a very large rural population, and that only in Dublin and in Belfast are there whole-time medical officers of health. In the other parts of the country the dispensary medical officer of any district acts as Medical Officer of Health, and as his average annual salary for this office is PC10, one may infer that the importance of his sanitary duties is not over-estimated. Recently drastic changes have been effected in the Public Health Administration in the Irish Free State, and are being contemplated in Northern Ireland. Information as to the sanitary conditions of Dublin and Belfast can be obtained from the Annual Reports of the Medical Officers of Health, and as regards the rest of the country from the annual reports of the Irish Local Government Board. In the latter the medical inspectors of the Board were accustomed to review annually the sanitary conditions of their areas and to give an account of investigations made by them in connexion with any outbreak of an infectious disease. There can be no doubt that the assistance and advice afforded by these inspectors has been most valuable-although the local authorities frequently neglected to put into operation many of the recommendations made. In looking through these reports one is struck by the frequency with which milk is incriminated, or at any rate suspected, as being the infective medium. It is, however, only since the beginning of the present century that bacteriological examinations have been made and actual "carriers " discovered. Later in this paper I shall give an account of several outbreaks where fairly complete investigations were made; in the meantime I shall indicate how modern progress, at least in some cases, has tended to deprive large sections of the community of the protection against enteric fever afforded by their isolated position in rural areas. This was the introduction of the Co-operative Creamery Societies. Farmers bring milk to the creamery and take away the " separated " milk. This separated milk is frequently used for human food, and as the pasteurization at the creamery is usually inefficient, a whole countryside may occasionally be infected with enteric fever, the source of infection being either at a farm or at the creamery itself. One inspector reported the discovery of an ambulant case of typhoid amongst the workers at a creamery.
One of the earliest instances of enteric fever traced to the consumption of separated milk was reported in 1906 by the late Dr. C. J. Clibborn. In this outbreak in a rural area there were between November, 1905, and January, 1906 , seventy-two cases and thirteen deaths. In the following year Dr. Brendon McCarthy reported the occurrence of fifty cases of enteric fever which he attributed to the consumption of separated milk, and again in 1908 a still larger outbreak from the same cause in the same area. In reference to this latter outbreak Dr. McCarthy stated: "The D--e creamery has 315 suppliers all living in this area, and the number of houses of non-suppliers is 1,090. From January, 1907, to the end of December of the same year, the total number of houses in which typhoid fever was treated was sixty, forty-four of which belonged to suppliers and fourteen to non-suppliers. The percentage of houses attacked among suppliers and non-suppliers was 13'9 and 1'2 respectively." From these facts, which are similar to those connected with many other outbreaks traced to creameries, you can see how enteric fever can be disseminated over a countryside. The disease when introduced has been found to persist in a district for many years. In the great majority of these areas the Infectious Diseases Prevention Act, 1890, had not been adopted, and it was impossible to prevent milk from infected iarms being sent to the creameries. In certain cases an effort was made to pasteurize the "separated" milk, but whether this was efficiently done at all times was very doubtful. It is fortunate that the butter produced has not been shown to have caused disease.
Creameries have undoubtedly been the cause, since the beginning of the present century, of hundreds of cases of enteric fever in rural districts in Ireland, and as hundreds of cases have cropped up in infected areas in the course of the succeeding years, it is very necessary that effective preventive measures should be available.
Of the 123 deaths from enteric fever which occurred in the Irish Free State in 1924, 29 appertained to urban and 94 to rural areas; in Northern Ireland the corresponding figures were 11 urban and 14 rural.
In connexion with the epidemiology of enteric fever in Northern Ireland the greatest problem is to explain the enormous number of cases which occurred in Belfast up to 1905, and the steady and rapid decline which has prevailed during the past twenty years. In 1907 the Irish Local Government Board appointed five sanitary experts to form a Commission to hold an inquiry into the cause of the high death-rate in Belfast, and in connexion with this work Dr. L. W. Darra Mair wrote a special report on enteric or typhoid fever in Belfast (1908) , and in 1909 he communicated to this Section a paper on "The Altiology of Enteric Fever in Belfast in relation to Water Supply, Sanitary Circumstances and Shellfish." 1 The Commission concluded that the water supply was not responsible for the epidemic prevalence of the disease. The main reasons for this opinion were (1) that the outbreaks in Belfast were not of an " explosive" nature, (2) that the cases had no relationship to the distribution of any of the three different water supplies to the city, (3) that the fever was mainly limited to the quarters of the city occupied by the working classes.
Mair did not consider the general sanitary conditions of Belfast worse than that of most of the other towns and cities in the United Kingdom. He stated that although there had been, and still were, many serious sanitary shortcomings in Belfast, and the system of scavenging of privies and ashpits even then was exceedingly defective, it could not be contended that in a sanitary sense Belfast was on an altogether lower plane than other cities and towns in the United Kingdom.
In fact, there could be no doubt that in some respects the evidence pointed the other way. Belfast (he said) was a town of rapid modern development-that is to say it was a new town-consisting largely of wide streets lined by rows of comparatively modern dwellings, the vast majority of which were self-contained, so that there was an almost complete absence of antiquated courts, alleys and common yards, such as might be seen in Dublin and Cork, and also in many of the older seaport towns in England and Wales.
" Slums" are rare in Belfast. Likewise overcrowding of persons in-houses in Belfast may be said to be negligible in amount.
Mair concluded that the extraordinary incidence of enteric fever in Belfast could not be attributed to infected water, or to insanitary conditions, though the latter no doubt contributed, but that the consumption of shellfish collected from the polluted foreshore of Belfast Lough was a hypothesis which fitted best with all the epidemiological facts--many of which are summarized in Table II . 1896-1900 ... 349,000... 1901-1905 ... 372,000 ... 1906-1909 ... 388,000 ... 1910-1914 ... 392,000 ... 1915-1919 ... 396,000 ... 1920-1924... 428,000... 1924-... In 1901 an additional supply from the Mourne Mountains 23-5 ... was obtained.
In 1892 and 1894 the supplies from Stoneyford and 23-4 ... Woodburn were filtered. In 1901 farms in the Woodburn catchment area were purchased and cleared.
24-1 ...
Sanitation.-Scavenging of privies and ashpits was undertaken free by the Corporation in 1892. From 1880 22-9 ... to 1899 privies were being gradually replaced by waterclosets. In 1899 ouly one-third of the total houses were 20-0 ... provided with privies. Belfast Corporation Act, 1899, compelled owners to convert privies into water-closets. 19-8 ... In 1908 not more than 2,000 privies in the City. 
In Diagram
No. 1 the mortality-rates per 10,000 of the population are shown for Ireland and Belfast from 1890 to 1924, and for the Irish Free State and Northern Ireland from 1914 to 1924. The rates were in 1890 for Ireland and Belfast 1'7 and 6 7 respectively. The Belfast rate reached its peak in 1898 with 19'3, and its lowest level in 1924 with 007, when the rates for the Free State and Northern Ireland were 039 and 0 2.
Thus, from being the most infected city in the Empire, Belfast is now remarkably free from the disease. In 1924, only forty-three cases were notified, an attack rate of 1 per 10,000, and only three deaths occurred-a striking contrast to the 640 deaths which occurred in 1898, although the population was about 100,000 less.
It will be seen that Belfast in the early seventies had an excessively high mortality from enteric fever, that there was a diminution in the early and middle eighties, followed by a rise, which attained its maximum in the later nineties, and that since the beginning of the present century there has been a steady decline. Mair attributed the great elevation in 1897 and 1898 to the breakdown of the " shoots" which, under the new sewage scheme, discharges the sewage directly into Belfast Lough instead of into the Lagan. The silting up of the distal end of the " shoot," and bursts near its origin, he believed led to a greater pollution of the shellfish, especially on the County Antrim foreshore, and the danger of their being specifically polluted was increased by the substitution of water closets for privies in the city-a sanitary reform which had made great progress in the nineties.
I think there is no doubt that a considerable amount of the enteric fever which has occurred in Belfast has been due to the consumption of contaminated cockles and mussels, but I am very doubtful whether the extraordinary decrease which has occurred in recent years is due to a complete change in the habits of the population. In spite of warning notices and of seizure of the supplies of hawkers there is nothing to prevent individuals collecting supplies for their own use; there is no doubt, however, that since the sedimentation of the sewage in tanks and the disposal of the sludge by its conveyance out to sea beyond the confines of the lough the foreshores have become much cleaner. Moreover, the reclamation of the foreshore at many places has rendered the shellfish less abundant. Amongst 83, 151, 106, 51 and 117 cases of enteric fever occurring in Belfast in the years 1909, 1913, 1914, 1915 and 1921 a history of recent consumption of shellfish was obtained in 1, 15, 15, 2 and 6 instances respectively. Shellfish were therefore a possible source of infection in 39 out of 508, i.e., in 7 6 per cent. of the cases.
In my opinion the decrease is to be attributed to the abolition of privies and the substitution of ashbins for ashpits, the improved scavenging, the abatement of nuisances, the decrease of stables and byres and their concomitant flies, the more effective sanitary administration, the higher standard of living and of education, and the growth of a sanitary conscience.
In 1906 a new fever hospital was opened, and since that date 50 to 90 per cent. of the cases of enteric fever have been treated in it. The sewage of this institution is sterilized by steam before admission to the city sewers.
In 1897 the number of houses with privies was 26,620, out of a total of 67,479; in 1902 the numbers had become 10,000 and 77,788 respectively, whilst in 1908 there were only 2,000 privies remaining. In recent years practically all privies have been converted under the Belfast Corporation Act, 1899. Scavenging of the privies and ashpits was undertaken free by the Corporation in 1892, and at that time the filth had not infrequently to be removed through the dwelling houses.
Mair appreciated that there were facts which his hypothesis did not explain, and that he realized that the rapid growth of the City might have been a factor in the great prevalence of the disease would appear from the following statement: " It is possible that the diminution of fever which marked the first two years after 1901 may have preceded somewhat any very great reduction in the consumption of shellfish. The point was difficult to establish with exactitude. The question arises, however, whether this earlier diminution of fever may not have been due, in part, to exhaustion of susceptible material among the population. It is a fact that about this time the Belfast population was not increasing at anything like the same rate as previously: indeed, it is probable that in 1901 and 1902 the population diminished somewhat. With this relative stagnation of the population, the enormous incidence of fever during the critical period of five years-there had been a total of nearly 19,000 cases, or about 5 per cent. of the population-suggests that for a time insusceptibility might have been a not unimportant factor in effecting a diminution of fever." 1 The work of Topley and Greenwood and their colleagues has demonstrated, in connexion with mouse typhoid, the great influence effected on an epidemic by the immigration of susceptible individuals into the cages.'4 Topley, in a recent lecture, states: "When the pre-epidemic stage has been passed and a definite epidemic prevalence of the disease has been established, the future course of events is largely determined by the rate of immigration of susceptible hosts. If no such immigration occur, the epidemic gradually dies down, leaving a varying number of survivors."
" If susceptible animals be added regularly to the herd the form of the fluctuations in the resulting death-rate, and its average value, is mainly determined by the rate of immigration. With a moderate immigration-rate the deaths tend to occur in a series of well-marked waves without any quiet interval. If the rate of immigration be diminished, the waves of mortality tend to be more widely separated from each other, the intervening quiet intervals sometimes lasting over several months. If the rate of immigration be increased, successive waves of mortality tend to become fused together. The average death-rate may not be so high as that observed at the peak of a wave of mortality during an epidemic in which the immigration-rate is much lower, but the fusion of waves results in a high and relatively steady death-rate."
Now facts such as the above probably have a very direct bearing on the problem of enteric fever in Belfast. I am not in a position, nor have I the necessary data, to determine the effect of immigration on Belfast's enteric mortality, but it is perhaps not without significance that the highest mortality prevailed during the periods of most rapid expansion. The increase of population was due not merely to an excess of births over deaths, but to an immigration (1) from rural areas of large numbers of individuals and families; and (2) from Scotland of many shipyard workers and their families. The areas which were most infected were those in which the shipyard and factory workers mainly resided. The growth of Belfast during the fifty years between 1851 and 1901 was remarkably rapid, the population at the end of the period being quadrupled. The census figures were: 
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The returns of new buildings erected in Belfast annually, from 1856 to 1906, are available and tell the same story of rapid growth; the year which showed the largest number of houses erected (4,547) was 1898 and it is perhaps more than a coincidence that in this year enteric mortality was at its worst. The numbers of artisans' new I Proceldings, 1909, ii We have already seen that in the seventies the enteric mortality in Great Britain was double that of Ireland, and, no doubt, that of the cities and towns was much greater than that of the country generally. It would seem reasonable to believe that Belfast, as late as the nineties, was passing through a phase which had been passed through some thirty or more years earlier by. the towns and cities on the other side of the Channel.
Northern Ireland had, in 1924, in an estimated population of 1,279,000, 20,299 deaths, 10,537 and 9,762 occurring in rural and urban areas respectively. The death-rate was therefore 15'9, and about half the deaths occurred in urban districts. The deaths from enteric fever in 1924 numbered twenty-five, eleven being urban and fourteen rural. Belfast, with a population of 434.000, contains over one-third of the inhabitants of the province.
The Irish Free State in 1924 had a population of 3,161,000 and a death-rate of 14'29.
The enteric fever mortality-rate per 10,000 for the two divisions of Ireland, for a period of ten years, was as follows :-1914 1915 1916 1917 1918 1919 1920 1921 1922 1923 1924 Irish Up to 1920 the enteric fever mortality rate in the two areas was very similar, but since 1921 the rate in Northern Ireland has decreased more rapidly than that of the Free State and is now only about one half the amount of the latter.
Northern Ireland, on account of its small size and with a population half rural and half urban and with a Government of its own responsible for its health, will afford an opportunity for the thorough investigation of disease. At present a Commission is considering, amongst other questions, the subject of local government in relationship to health. No doubt as a result the sanitary organization will be brought more into line with that of Great Britain. But even as it is, with only one whole-time medical officer of health in the province, the great assistance rendered to the part-time medical officers by the medical inspectors of the Ministry of Home Affairs, has compensated for the absence of whole-time officers and has limited the dissemination of infectious diseases.
In my opinion the work of the inspectors of the old Local Government Board in Ireland, and of their successors in Northern Ireland, has contributed greatly to the decline of enteric fever in the island both north and south. Reports of outbreaks are now promptly made and the advice of the inspectors has led to better diagnosis, the employment of bacteriological investigations, the improvement of sanitary conditions and of water and milk supplies.
I shall now give a brief account of some outbreaks which have occurred and in connexion with which, as Bacteriologist to the County Councils, I took some share in the investigations. Some of these illustrate the important part played by " carriers," about whose r6le some epidemiologists appear still to be sceptical.
I may mention in passing that it was in Belfast that my colleague, Dr. T. Houston, in 1899 discovered the first chronic typhoid carrier. This was a case of cystitis due to infection with the Bacillus typhosus.
In 1906 there was a small outbreak of enteric fever in the Windsor district of Belfast. The twenty-three cases which occurred in this residential area had a common milk supplv. One of the milkers who was thought to have had an attack of influenza a short time previously was found to give a positive-,Widal reaction and was in all probability an effective " carrier." * This little epidemic, occurring amongst the richer class of the community, attracted a good deal of attention, and it emphasized the importance of serological and if possible bacteriological investigations where the circumstantial evidence suggests that milk is the infective vehicle.
A milk-borne epidemic which occurred at the latter end of December, 1910, and which was very fully investigated by the late Dr. Brian O'Brien, an inspector of the Irish Local Government Board, has several points of interest. The scene of the outbreak was a small village, Dy, consisting of 130 houses and with a population of 800, practically all employees of a large weaving factory. The houses were modern and the majority possessed water closets. The first case was notified on December 24, 1910; the second case was that of the driver of the milk cart, who was medically examined on December 22 and sent to bed, a diagnosis of enteric fever being made on December 27. The Medical Officers of Health, Dr. Frier and Dr. Boucher, had already, on December 25, stopped the milk supply; in fact, that day's supply was only partially consumed, as the dairyman, Mr. H., went round to his customers who had got their morning supply and urged them to destroy it as it was probably infected. I think this action on the part of a dairyman whose milk is under suspicion is unique, and it is sad to relate that he himself later developed the disease and died. There were thirty-six cases in all, twenty-five being in the village of D--y, eight at M n, a small collection of houses half a mile from the village, and three at the milkman's house, situated two miles from D y. The one factor common to all was the milk supply. The source of infection proved to be a servant girl who came to the farm on November 15, 1910. This girl had an attack of enteric fever in December, 1908, and curious to note she was infected by a former mistress who was a " carrier," and, as a landlady of a small hotel, had infected several of her guests. In 1910 another employer of this girl had an attack of enteric fever. Typhoid bacilli in large numbers were found in her stools, and though she was treated in hospital for many months with vaccines, intestinal antiseptics, &c., she remained a " carrier."
The suspected milk was supplied to sixty-six houses, with an aggregate number of inmates of 355. Twenty-four houses were infected and there were tbirty-six cases of enteric fever, giving a morbidity rate of 10.1 per cent. No case occurred among the 400 people who did not obtain milk from the suspected dairy. Three of the patients died, including the dairyman and the driver of the milk cart.
An outbreak, in which water was probably the infective vehicle, occurred at B a, an urban area with a population of over 11,000. On August 1, 1914, two cases of enteric fever were notified, and by August 14 the notifications had increased to twenty-eight, and by the end of September the number was seventy-two; a few more cases occurred in October and November. The water entering and mixing in the mains came from two sources: (1) An upland surface reservoir, and (2) an underground source in an iron ore mine. A bacteriological examination showed that the reservoir water was pure but that the mine water contained Bacillus coli in 0.1 c.c. That this mine water was probably infected was shown by the fact that two cases of enteric fever occurred amongst its consumers near its origin; their residence was several miles from B a, with which they had little communication. Moreover, when the mine supply was cut off the epidemic ceased and the town has had few cases of the disease since 1914.
An outbreak which occurred amongst the members of the Church Lads' Brigade Football Club, Lisburn (an urban district 10 miles from Belfast) was traced to the consumption of a dinner in Belfast, and at the same time revealed the source of infection of some cases of enteric fever which were occurring simultaneously in Belfast. From a report on the outbreak submitted to the Ministry of Home Affairs, Northern Ireland, by Dr. John McCloy, medical inspector, I abstract the following facts. Fourteen Lisburn lads visited Belfast on December 28, 1921, and after a football match with a team of sea cadets, were entertained to dinner by the latter in their hall. This was the only meal which the Lisburn boys bad together. The dinner party included forty sea cadets, fourteen Lisburn lads, thirty members of the cadets' committee and friends, and forty seamen, mostly members of the crew of the S.S. Manhattan. Before the source of the outbreak was discovered the Manhattan had sailed, and whether any of the crew contracted enteric fever is unknown. Among the remaining eighty-four members of the party, thirty-nine cases of illness occurred -twenty-three being enteric fever, two doubtful enteric, and the remainder influenza -a disease which was prevalent at the time. There were, therefore, at least twenltythree cases of enteric fever, eight occurring amongst the fourteen Lisburn lads, of whom three died. There was one death among the remaining fifteen cases. The onset in the majority was round about January 14-the earliest and latest cases developed on January 3 and January 27. One of the two women cooks responsible for the meal had had a serious attack of typhoid fever thirty-eight years earlier. At the time of the inquiry she had a vague illness which was not clinically like enteric fever, but her blood gave a positive Widal reaction and her stools were found by Dr. N. C. Graham, the Belfast City Bacteriologist, to contain enormous numbers of typhoid bacilli. It is probable that this woman was a chronic " carrier," and that her illness was not due to an infection acquired at the same time as the others, but was due to an increase in the infectivity of the bacilli in her system. In my experience chronic carriers" not infrequently show evidence of a modified relapse, e.g., malaise, fever, jaundice, &c. This woman had come to Belfast in August, 1921, and no suspicion as to her being the cause of enteric infections had arisen.
The outbreak is of interest in showing that, in cases of enteric fever where no apparent cause can be found, a source of infection may exist and only be brought to light by a favourable accident. On this occasion, but for the outbreak amongst the Lisburn lads, the source of infection in the Belfast cases would have remained obscure.
An outbreak which occurred in Belfast in the early months of 1925 again shows the dangers of infected milk. To a report of Dr. N. C. Patrick, medical inspector, I am indebted for the following notes.
From March 3 to March 17, twenty-six cases of enteric fever were admitted to the City Fever Hospital, twenty being received between March 11 and March 17. Of the twenty-six cases twenty were traced to a common milk supply-a dairy in the Antrim rural district, the milk of which was distributed by eight retailers. At the farm the owner was found to have had a prolonged attack of enteric fever, and, in fact, died from perforation on February 20. During his illness and for some time after his death the milk continued to be sent in to the city. In addition to the twenty cases, twenty-six other cases occurred subsequently, and were traced to contact with the previous cases. From the investigations of enteric fever in Northern Ireland in recent years, of which the above are but a few examples, I am impressed with the importance of a thorough search for a source of infection being made in every case by a trained official. Only by means of data thus acquired will it be possible to draw general conclusions. It is satisfactory that enteric fever is declining, but there is every indication that if preventive measures were relaxed the smouldering ashes would soon cause a great conflagration.
Many points naturally still remain obscure, for example, why in Belfast the disease has become comparatively rare in spite of the large numbers of chronic " carriers" which must exist in the population. No doubt when more is known of the life history of the typhoid bacillus an explanation will be forthcoming. Commission'8 Report to the Local Government Board for lreland, 1908. DARRA MAIR, L. W., Proc. Roy. Soc. Med., 1909, ii (Sect. Epid.) , p. 187. Office International d'Hygiene Publique, 1928, Bulletin No. 9, tome 15. TOPLEY, W. W. C., Lancet, 1926, i, p. 477 . HOUSTON, T., Brit. Med. Journ., 1899, 1, p. 78. Di8cussion.-Sir WILLIAM HAMER said that Dr. Greenwood and Dr. Topley had set the example of collaboration, and that there was much to be gained by the closest co-operation between bacteriologists and epidemiologists. He (the speaker) had been greatly impressed with that fact when, as a young man in Dr. Klein's laboratory, he had had some opportunities of seeing how, in the early nineties, Dr. Klein and Mr. W. H. Power were accustomed, so to speak, to work hand in hand. The cockle origin of the Belfast typhoid was very securely established. The late Dr. Darra Mair, in his report, had disposed successfully of various criticisms. As regards the finding that only thirty-nine out of 508 cases (7'6 per cent.) were admittedly due to shellfish, it was clear that, in view of all the efforts made to prevent polluted cockles being consumed in Belfast, those who recklessly defied the authorities and took risks were not likely to be willing to " plead guilty" when called to account. Apart from this, there was, as Professor Wilson had said, the huge diminution in the amount of specific pollution, in view of the fact that the deaths from typhoid in 1924 were only one-hundredth of the number in 1898. It was much to be desired that further knowledge should be acquired as to the extent to which populations, affected to varying degrees by typhoid fever, were apt to yield evidence of including persons who were carriers of typhoid bacilli. The paper showed that there was one conundrum which troubled many of them, and was at the same time also a puzzle to Professor Wilson. When Darra Mair's paper was read, in 1909, many of his hearers felt that the limitation of the outbreak to the poor of Belfast was very difficult to reconcile with the bacillus carrier hypothesis. Dr. Mair was asked whether any active steps had been taken with regard to the hundreds of carriers in the city-cooks, housewives, handlers of food of various kinds-whetherurotropin had been extensively administered or cholecystotomy practised on a large scale. The answer was in the negative. And now Professor Wilson, speaking of later years, queried, " Why, in Belfast, has the disease been comparatively rare in spite of the large numbers of chronic carriers which must exist in the population ? " If they could only accept the view that the bacillus was merely an " associated organism," they would cease to wonder why bacillus carriers, when studied on the grand scale (as in Belfast), should turn out to be as harmless as appeared to be the case.
Sir GEORGE BUCHANAN referred to the continued high mortality from enteric feer which characterized certain countries like France and the Balkan States, and particularly Japan. The continued high prevalence was practically explicable by the circumstances of the countries, and it seemed to cast doubt on the validitv of the thesis which Dr. Wilson had tentatively put forward regarding the cause of the disappearance of typhoid in Belfast. If that disappearance had been due, in any substantial measure, to the exhaustion of susceptible material, one would expect to find similar results in heavily affected foreign countries, and also to have found the same disappearance in the past in those English towns which, in the days of privy-middens, presented so high an incidence of enteric year after year. He was particularly glad to know of the appreciation which had been shown to the work of Dr. Darra Mair, whose early death had been so great a loss to his department. Dr. Mair was a practical epidemiologist of much learning and sound judgment, and no one would have understood more than Dr. Mair himself the fact that explanations of an epidemic which he had given twenty years ago were now being reconsidered in the light of subsequent happenings. Whilst realizing the importance of these new facts, he (the speaker) doubted whether they led to any more plausible or probable solution of the problem of the occurrence of enteric fever in Belfast in 1898 than that which Dr. Mair propounded. This was, in a word, an explanation that a community which had the habit of consuming raw shellfish to an altogether exceptional degree, was, during the epidemic period, exposed to an exceptionally high risk of infection through the fact that the sewage contamination of the shellfish ordinarily eaten had definitely become more concentrated. In any case, the occurrence of that Belfast epidemic was one which was clearly the result of exceptional circumstances, for which it seemed to him still likely that Dr. Mair's explanation was the true one.
In his opinion, the production of outbreaks by carriers, such as had been referred to in the paper, must be accepted as proved beyond dispute. At the same time, it seemed that the proportion of chronic carriers who were in a condition, or placed in circumstances, in which they could produce such infection as described, must be a very small one. He always felt a difficulty in explanations of past prevalence of enteric fever which depended on the supposition of unusual carrier infection. Thanks to various methods of sanitation, a stage seemed to have been reached in Northern Ireland, as well as in other parts of the United Kingdom, at which the number of cases and outbreaks of the enteric group had attained quite manageable proportions. and these cases and outbreaks could now be dealt with intensively and individually. By such concentration, and with the aid of the bacteriologist, we ought, before long, to secure that the annual figures of incidence and mortality from this group were reduced practically to vanishing point. Dr. S. MONCKTON COPEMAN, F.R.S., said that Professor Wilson had set out very carefully the story of typhoid fever in Ireland, as compared with the concurrent experience of England and Wales and Scotland. The brief accounts of outbreaks of typhoid fever with which the paper ended afforded typical instances of the various ways, now well recognized, by which the disease might spread. He (the speaker) could well remember a time when, prior to appreciation of the part played in this matter by the healthy " carrier "-to mention one additional factor onily-pollution of drinking water was universally regarded as the main cause for the spread of typhoid fever, as evidenced by the late Ernest Hart's tour of India for the promulgation, as he said, of the " gospel of the boiling kettle " I The further knowledge as to possible methods of infection that had accrued since that time had proved of the utmost value and assistance in the study of the epidemiology of typhoid fever.
In his appreciative summary of the work of the late Dr. Darra Mair, in connexion with investigation of continued prevalence of the disease at Belfast, Professor Wilson expressed some doubt as to whether the consumption of shellfish collected on the foreshore could have constituted a factor of such importance as suggested in the official report. He referred to the practical impossibility of preventing the collection and consumption of shellfish by private individuals, and evidently considered that the sediinentation and diversion of the sewage had played a specially imiportant part in staying the progress of the disease. But it seemed to him (the speaker) that these two factors were not improbably inter-related. For it was known that shellfish were capable of ridding themselves of a certain amount of bacteriological impurity, and consequently the partial purification of the sewage brought about by the methods referred to might be expected to obviate, in large measure, the previously existing danger from consuinption of the shellfish.
Dr. G. CLARK TROTTER referred to the opportunities Northern Ireland afforded for a wide range and suitable material. With regard to milk, in London, whilst a very small proportion of the total milk supply might be really true "raw " milk, practically the whole of the milk supply had been " treated " in some way. There was little opportunity for investigators to trace directly an isolated milk supply carrying infection, owing to the mixing in bulk and more or less efficient " pasteurization " which milk received to retard deterioration and conserve its quality. He could confirm what Professor Wilson had said about the difficulty of getting an indication of a probable cause in the diet; the relatives' statements were not as valuable as those of the patient. Recently, in a case he had seen, the relatives had omitted to state the fact obtained from the patient that she had partaken, within a fortnight, of periwinkles purchased off a street barrow. So also, the eating of fried fish-often imperfectly washed after gutting and not really sterilized by frying-was not thought of as a likely source of infection. He was a firm believer in the privy-midden of former days being a potent factor of infection; at the present day there was a tendency to think that the carrier cases, then unknown, would account for all infection. But the vast decline in enteric since the abolition of the privy-middens and introduction of the water-carriage system was too striking to be lightly set aside. Looking at Professor Wilson's charts of Northern Ireland, he would ascribe the marked decline to be due mainly to such improvements in sanitation.
Dr. E. W. GOODALL said that so far as this country was concerned the credit for the recognition of the importance of the typhoid "carrier " was due to Sir Percival Horton-Smith Hartley, who pointed out in his Goulstonian Lectures in 19001 that the stools and urine of Lancet, 1900, i, pp. 829, 830. recovered patients contained the typhoid bacilli and might therefore in certain circumstances be the means of infecting other persons. In respect of the actual occurrence of such a method of infection he (Dr. Goodall) believed that the first instance was that recorded by the late Dr. Walker, of Peterborough, in the British Medical Journal of November 24, 1900.1 It was a small outbreak, in which twelve persons contracted typhoid fever after drinking the water of a well at Long Orton, Hampshire, which had been contaminated, presumably, by the excreta of a soldier who had recently returned from South Africa after recovery from typhoid fever. Dr. Walker drew attention to the danger that might arise when so many soldiers. convalescent from typhoid fever contracted during the Boer War, were being invalided home.
Professor WILSON (in reply) said he agreed with Sir William Hanmer that the conditions under which the typhoid bacillus in the bodies of " carriers " became infective was still obscure. Probably several factors required to co-operate for this purpose. In the case of the Bacillus typhosus we had no virulence test and no susceptibility test such as we had for the Bacillus diphtheris.
The epidemiologist and the bacteriologist should co-operate in an endeavour to throw light on many obscure problems in connexion with epidemic diseases. It was probably an advantage to the public health that the epidemiological study of enteric fever preceded bacteriological investigations and discoveries, as the epidemiologists laid such great stress on a clean environment, pure water supplies, &c., and the efforts to secure these desiderata conduced to the improvement of health in general. There might have been a temptation for bacteriologists to stress the specific nature of the infective agent and to direct their efforts against this alone, and perhaps to rely on active immunization.
To the work of Dr. Darra Mair the city of Belfast owed a deep debt of gratitude for his masterly epidemiological investigations, which stimulated and gave direction to subsequent sanitary efforts, resulting in the city ceasing to be a bye-word in the Kingdom as regards its enteric mortality. It was impossible to be certain as to the cause of the high mortality from enteric fever which Belfast had experienced; no doubt Dr. Darra Mair's shellfish hypothesis accorded best with the facts, but in his (Professor Wilson's) opinion only a small proportion of the enteric fever cases in subsequent years were caused by such consumption. He (Professor Wilson) said he need not deal individually with the points raised by the various speakers-in many cases they had answered each other.
